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[Designation of Document] SPECIFICATION 

[Title of the Invention] DRY ETCHING METHOD AND APPARATUS 
THEREFOR 

[Name of Document] ABSTRACT 
[Abstract ] 

[Purpose] To provide a dry etching method and apparatus that 
enable to eliminate micro-loading effect, to make bombardment 
damage less, and to obtain an excellent etching shape. 
[Constitution] A dry etching method comprising forming 
clusters of agglomerations of atoms by ejecting a gas 
including a reactive element from a high pressure region to 
a low pressure region, ionizing the generated clusters of 
agglomerations of atoms, and bombarding the ionized clusters 
of agglomerations of atoms onto an object to be treated and 
thereby selectively etching the object to be treated. 
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[Claims ] 

[Claim 1] A dry etching method including: forming a cluster 
of agglomerations of atoms by ejecting a gas , including a 
reactive element from a high pressure region to a low pressure 
region; ionizing the generated cluster of agglomerations of 
atoms; and bombarding the ionized cluster of agglomerations 
of atoms onto an object to be treated and thereby selectively 
etching the object to be treated. 

[Claim 2] A dry etching method including: forming a cluster 
of agglomerations of atoms by ejecting a gas including a 
reactive element from a high pressure region to a low pressure 
region; ionizing the generated cluster of agglomerations of 
atoms; applying an alternating electric field or an 
alternating magnetic field, or both of the alternating 
electric field and the alternating magnetic field to the 
ionized cluster of agglomerations of atoms; and bombarding the 
ionized cluster of agglomerations of atoms onto an object to 
be treated and thereby selectively etching the object to be 
treated . 

[Claim 3] Dry etching apparatus characterized in comprising 
a reaction chamber; a gas reservoir that is maintained at a 
pressure higher than that of the reaction chamber and 
accommodates a gas including a reactive element; a nozzle that 
is disposed at an outlet of the gas reservoir, ejects the gas 
from the gas reservoir into the reaction chamber, and 
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generates a cluster of agglomerations of atoms made of atoms 
of the gas; means for ionizing the cluster of agglomerations 
of atoms; and accelerating means for extracting the ionized 
cluster of agglomerations of atoms and bombarding it against 
an object to be treated accommodated in the reaction chamber. 
[Claim 4] Dry etching apparatus characterized in comprising 
a reaction chamber; a gas reservoir that is maintained at a 
pressure higher than that of the reaction chamber and 
accommodates a gas including a reactive element; a nozzle that 
is disposed at an outlet of the gas reservoir, ejects the gas 
from the gas reservoir into the reaction chamber, and 
generates a cluster of agglomerations of atoms made of atoms 
of the gas; means for ionizing the cluster of agglomerations 
of atoms; means for applying an alternating electric field or 
an alternating magnetic field, or both of the alternating 
electric field and the alternating magnetic field to the 

ionized cluster of agglomerations of atoms; and accelerating 
means for extracting the ionized cluster of agglomerations of 

atoms and bombarding it against an object to be treated 

accommodated in the reaction chamber. 

[Detailed Description of the Invention] 

[Object of the Invention] 

[0001 ] 

[Industrial Field of Application] 

The present invention relates to a dry etching method and 
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apparatus therefor . 

[0002] 

[Prior Art] 

A schematic sectional block diagram of dry etching apparatus 
that has been widely used in performing micro fabrication in 
a fabricating process of a semiconductor device is shown in 
Fig. 4. In Fig. 4, a high frequency electric power 111 is 
applied to a cathode 102, thereby plasma 104 is generated in 
a reaction chamber 101 therein a reaction gas is introduced. 
In addition, a wafer 103 is disposed on the cathode 102, owing 
to self-bias induced on an anode 102 surface (wafer 103), 
reactive ions 105 are accelerated from within the plasma and 
let collide against the wafer 103 , and thereby an etching 
reaction proceeds. A voltage of the self-bias, though 
dependent on individual conditions such as the gas, RF 
electric power and so on, a shape of the electrode, and an area 
ratio of the cathode and anode, in a practical apparatus 
configuration, is normally induced by 100 eV to 500 eV as an 
accelerating voltage. 
[0003] 

It is well known that a so-called reactive ion etching 
apparatus configured like this has largely contributed in 
micro fabricating semiconductors. However, as a result of a 
remarkable advance in the micro fabrication, there are 
problems as follows even with such excellent apparatus in view 
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of future device fabrication. 
[0004] 

First, one of problems is bombardment damage. When 
processing a gate portion that is an active portion of a MOS 
device or a portion that is electrically connected to a gate 
electrode, owing to collision of high-energy ions, various 
damages are caused. For instance, a metal of an inner wall 
of the reaction chamber is released into a gas phase owing to 
a sputtering action, and the released metal is injected into 
the gate portion. Thereby, an impurity level is newly formed, 
resulting in a change in operating characteristics of the 
device. 
[0005 ] 

Furthermore, during etching is proceeding, the wafer is 
direct-currently connected nowhere, that is, in a floating 
state. Accordingly, owing to emission of electrons, ions, or 
secondary electrons from the plasma, electric charges are 
accumulated on the gate electrode. When the accumulation of 
the electric charges is large, a gate insulating film may be 
broken down. Recently, since in order to obtain a large 
capacity with a small area, the insulating film is very thinly 
formed (for instance, in some cases, a 50 angstrom Si0 2 film 
may be broken by an application of a potential of only 
substantially 5 V) , the insulating film is likely to be easily 
broken down. Since all of these are caused from a principle 
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of this method in which the etching process is forwarded by 
bombarding charged particles, these are unavoidable in 
principle. 
[0006] 

Electrification of electric charges like this may cause, 
other than the above, an irregularity in an etching shape. 
That is, as shown in a schematic sectional view of patterns 
of Fig- 5, a side wall of an end pattern 119 of a portion 117 
that has a dense pattern population and is adjacent to a 
portion 118 that has a less pattern population may be formed 
in some cases, as shown in the figure, into a tapered pattern 
(a pattern width becomes wider as going downward) or in other 
cases in a reverse-tapered pattern (a pattern width becomes 
narrower as going downward) . This is considered that as shown 
in Fig. 6, each pattern is charged and becomes positive in 
potential with respect to the substrate, resulting in bending 
a trajectory of an incident ion. The electrification is not 
yet well understood. Accordingly, it is not easy to overcome 
this problem by present technology. Still another problem is 
a phenomenon called a micro-loading effect. 
[0007 ] 

Fig. 7 is a schematic block diagram when a thick film 122 
to be etched is etched. In the figure, a base substrate is 
omitted. When an etching speed is studied while varying 
separations of a mask 121, the following results are obtained. 
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When the film 122 of, for instance, poly-silicon or the like 
is etched by use of a chlorine- or fluorine-based gas, it is 
found that as a groove width becomes narrower, the etching 
speed becomes lower. This phenomenon is called a micro loading 
effect and becomes a serious problem when a fine groove is 
etched . 
[0008] 

The micro loading is not caused by a simple reason but caused 
by complicatedly entangled elements. It is considered that 
a main reason is in that as the width becomes narrower, an 
incident amount of etching accelerating ions per unit area 
decreases. It is considered that in the plasma, ions are 
randomly moving mainly owing to thermal agitation and slowly 
moving owing to a weak electric field, and in a sheath, in 
general, ions are accelerated by a bias voltage and allowed 
to vertically bombard the wafer. However, in fact, there are 
many ions that bombard the wafer with an oblique component. 
Accordingly, as an opening of a pattern becomes narrower and 
as a depth of the groove becomes deeper, an amount of ions that 
reach a bottom portion that is an etching surface becomes 
smaller. Furthermore, neutral active species (mainly halogen 
element dissociated in the plasma) that are etching species 
are supplied from the plasma to the substrate only owing to 
diffusion and thermal agitation. Accordingly, as dispersion 
of incidence angle to the wafer becomes larger, and as the 
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groove becomes narrower and deeper, the feed amount becomes 
smaller, resulting in a decrease in the etching speed. 
[0009] 

It is attempted to reduce the micro loading effect by 
aligning directionality of ions by lowering the pressure. 
However, as the pressure is lowered, owing to a decrease in 
a plasma density, the etching speed is lowered and the ion 
energy increases. As a result, an increase in bombardment 
damage or a lowering of a selection ratio is caused. That is, 
it does not lead to an essential solution. 
[0010] 

[Problems that the Invention is to Solve] 

Thus, according to the existing dry etching method and 
apparatus, a micro loading effect where an etching speed 
varies according to a width of a pattern tends to occur. In 
addition, there are problems in that owing to an impact of 
high-energy particles, the bombardment damage tends to be 
caused, and owing to the electrification of the substrate, an 
irregularity in a pattern shape is likely to be caused. 
[0011] 

The present invention has been accomplished in view of the 
aforementioned situations. It is intended to provide a dry 
etching method that may eliminate the micro loading effect, 
cause less bombardment damage and give an excellent etching 
shape. It is further intended to provide dry etching apparatus 



8 



that may be used in implementing the aforementioned dry 
etching method. 

[Constitution of the Invention] 
[0012] 

[Means for Solving the Problems] 

In order to overcome such the problems, the present 
invention provides a dry etching method that comprises forming 
clusters of agglomerations of atoms by ejecting a gas 
including a reactive element from a high pressure region into 
a low pressure region; ionizing the generated clusters of 
agglomerations of atoms; and bombarding the ionized clusters 
of agglomerations of atoms onto an object to be treated, and 
thereby selectively etching the object to be treated. 
[0013] 

Furthermore, the present invention provides a dry etching 
method that comprises forming clusters of agglomerations of 
atoms by ejecting a gas including a reactive element from a 
high pressure region to a low pressure region; ionizing the 
generated clusters of agglomerations of atoms; applying an 
alternating electric field or an alternating magnetic field, 
or both of the alternating electric field and the alternating 
magnetic field to the ionized clusters of agglomerations of 
atoms; and bombarding the ionized clusters of agglomerations 
of atoms onto an object to be treated, and thereby selectively 
etching the object to be treated. 
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[0014 ] 

Still furthermore, the present invention provides dry 
etching apparatus that is characterized in comprising a 
reaction chamber; a gas reservoir that is maintained at a 
pressure higher than that of the reaction chamber and 
accommodates a gas including a reactive element; a nozzle that 
is disposed at an outlet of the gas reservoir, ejects the gas 
from the gas reservoir into the reaction chamber, and 
generates clusters of agglomerations of atoms made of atoms 
of the gas; means for ionizing the clusters of agglomerations 
of atoms; and accelerating means for extracting the ionized 
clusters of agglomerations of atoms and bombarding the ionized 
clusters against an object to be treated accommodated in the 
reaction chamber. 
[0015] 

Furthermore, the present invention provides dry etching 
apparatus that is characterized in comprising a reaction 
chamber; a gas reservoir that is maintained at a pressure 
higher than that of the reaction chamber and accommodates a 
gas including a reactive element; a nozzle that is disposed 
at an outlet of the gas reservoir, ejects the gas from the gas 
reservoir into the reaction chamber, and generates clusters 
of agglomerations of atoms made of atoms of the gas; means for 
ionizing the clusters of agglomerations of atoms; means for 
applying an alternating electric field or an alternating 
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magnetic field, or both of the alternating electric field and 
the alternating magnetic field to the ionized clusters of 
agglomerations of atoms; and accelerating means for 
extracting the ionized clusters of agglomerations of atoms and 
bombarding the ionized clusters against an object to be 
treated accommodated in the reaction chamber. 
[0016] 

The selectively etching an object to be treated means to 
selectively etch a predetermined region on the object to be 
treated, and to selectively etch a material to be etched with 
respect to a substrate material. 
[0017 ] 

Thus, in the method and apparatus of the present invention, 
a cluster of reactive atoms in which 10 to several thousands 
of reactive atoms are loosely combined is charged, extracted 
by a low accelerating energy, and thereby forming a cluster 
ion beam. The extracted cluster ion beam is less-dispersively 
transferred to a substrate to be etched and allowed to 
vertically bombard it and etch. 
[0018] 

As the reactive elements that can be used in the present 
invention, halogen, oxygen, hydrogen, and nitrogen can be 
cited. Furthermore, with a plurality of different kinds of 
elements as the reactive elements, a plurality of kinds of 
clusters of agglomerations of atoms may be formed. These may 
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be simultaneously, individually, or alternately with a 
definite period bombarded against the object to treated. In 
this case, a composition ratio of the different kinds of 
element may be arbitrarily set. In order to control a chemical 
reaction on a surface of the object to be treated, it is 
preferable to have a substrate temperature control function. 

[0019] 
[Operation] 

The cluster ion beam technique applied in the present 
invention has been so far developed with an intention to apply 
to deposition technique. Accordingly, generation and control 
technique themselves have been established to a certain extent 

(reference literature: Takagi et . al . , OYOBUTURI , vol.55, 
No. 8, 1986, pp 746 ). In the present invention, the technique 

is for the first time applied to the etching technique. 

[0020] 

According to the present invention, by use of a cluster ion 
beam that is vertically bombarded, a necessary etching gas can 
be supplied into a fine groove always by the same amount 
irrespective of its groove width. Accordingly, any patterns 
can be etched with the same etching speed and into the same 
shape . 
[0021 ] 

In the cluster ion beam, since a cluster of many atoms is 
charged with mono-valence or substantially several-valence, 
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and an electrical charge that is practically given to the 
substrate is smaller with respect to the number of the supplied 
atoms, the substrate itself is charged with difficulty. 
Accordingly, an irregularity in the etching shape, which is 
considered caused by bending of the incident ions due to 
electrification of a mask material made of an insulating 
material or a film to be etched, is not caused. 
[0022] 

Furthermore, from the same reason, even when the beam is 
accelerated to several kilo volts and bombarded onto the 
substrate, since the energy that each atom has is extremely 
low, the bombardment damage may be reduced. Since the beam 
can be accelerated with such a high voltage, a less-dispersed 
and excellently collimated beam can be vertically bombarded 
onto the wafer. Accordingly, irrespective of the groove width, 
the atoms can be supplied with the same density onto a surface 
whose etching is proceeding. Still furthermore, since 
acceleration is high and a mass is also large, (even when the 
substrate is charged) the electrification of the substrate is 
not likely to affect. Furthermore, even when a relatively low 
pressure is used in fabricating with high precision, since 
many etching species can be supplied onto the etching surface, 
a high-speed etching may be realized. 
[0023] 

[ Embodiments ] 
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In the following, with reference to the drawings, 
embodiments of the present invention will be explained. 
[0024 ] 

Fig. 1 is a diagram schematically showing etching apparatus 
of the present invention according to one embodiment. In Fig. 
1, in a vacuum chamber 1, there is disposed a susceptor 2 and 
a wafer 3 is disposed on the susceptor. At an upper portion 
of the vacuum chamber 1, a gas reservoir 4 is disposed. The 
gas reservoir 4 is used to introduce a reactive gas that is 
used in etching. At an outlet of the gas reservoir 4, a nozzle 
plate 5 is attached. The nozzle plate 5 is provided with lots 
of nozzles that eject the gas and generate clusters. Under 
the nozzle plate 5, there are disposed a hot-filament electron 
gun 6 that is an electron source for ionizing the clusters and 
an electrode 7 for accelerating the ionized clusters. In the 
figure, reference numerals 8 and 9 denote gas feed systems, 
and reference numeral 10 denotes a direction to be evacuated. 
In addition, a bias electric power is applied from a power 
supply unit 11 to the susceptor 2, and a substrate temperature 
is controlled through a conduit 12 connected to a temperature 
controller. Next, an actual procedure of the etching due to 
the aforementioned etching apparatus will be explained. 
[ 0025 ] 

The wafer 3 is transferred onto the susceptor 2 in the vacuum 
chamber 1 by means of a load lock unit ( not shown in the figure) . 
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In the present invention, in order to enable to process in a 
high vacuum, the load lock unit is indispensable. In order 
to effectively generate the clusters by making use of the 
adiabatic expansion of the gas, it is necessary for the 
pressure difference (pressure ratio) between the insides of 
the vacuum chamber 1 and the reservoir 4 to be in the range 
of 10" 4 to 10" 5 Torr. On the other hand, it is better for the 
etching to be carried out at 1CT 4 Torr level or less where a 
mean free path of the gas is sufficiently long. Accordingly, 
after the vacuum chamber is sufficiently evacuated, the 
reactive gas, for instance, a chlorine gas (Cl 2 ) , is introduced 
into the reservoir 3 up to a pressure of several Torrs . 
[0026] 

A diameter of the nozzle 5 is formed into substantially 1 
mm. The inside of the vacuum chamber is evacuated and 
maintained at 10~ 4 Torr level. The reactive gas passed through 
the nozzle 5 is rapidly cooled owing to the adiabatic expansion, 
and thereby the clusters are formed. Since the clusters are 
electrically neutral, at this stage, the clusters are ionized 
by an electron beam emitted from the hot-filament electron gun 
6. One cluster that is made of several thousands of atoms is 
given an electric charge of only substantial mono-valence or 
bi-valence. Accordingly, an amount of the electric charge an 
atom is practically very small. 
[0027] 
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The ionized clusters are accelerated by a voltage applied 
between the electrode 7 and the reservoir 4, passes through 
the mesh electrode 7 and are bombarded onto the wafer 3 surface. 
The accelerating voltage of the ions can be appropriately 
selected in the range of 100 eV to several kilo electron volts 
according to individual processes and the material to be 
etched. 
[0028] 

Thus accelerated cluster, even when accelerated by 1 KeV, 
when it is an agglomeration of 1000 atoms, has a practical 
accelerating voltage of 1 eV per one atom. It is a very low 
value where there are no worries of the bombardment damage or 
the like. Accordingly, since without worrying about the 
bombardment damage, the beam can be bombarded with a high 
accelerating voltage, the directionality of the cluster beam 
can be excellently controlled. That is, since irrespective 
of the groove width, a definite amount of the etching species 

(cluster) can be supplied to the etching surface, there is not 
caused the micro loading effect. 

[0029] 

Furthermore, although the etching is performed under a 
relatively low pressure, since many etching species can be 
supplied onto the etching surface, a high-speed etching may 
be realized. Actually, silicon substrates on a surface of 
which a mask such as Si0 2 or the like is formed were etched 
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by use of a chlorine gas and relationship between groove-width 
and etching depth was studied. Results are shown in Fig. 2. 
The RIE used as a comparison was a generally used parallel 
plate type and a chlorine gas pressure was 2 mTorr. The cluster 
beam etching was performed with the apparatus 1 shown in Fig. 
1 and under a gas pressure of 0.1 mTorr. The beam was bombarded 
onto an entire substrate surface. Each etching depth in Y-axis 
shows an etching depth normalized to that of a sufficiently 
broad groove. 
[0030] 

As obvious from Fig. 2, although in the case of the standard 
RIE, the etching depth rapidly decreases at the groove width 
of 0.5 f^m or less , in the case of the cluster beam, the decrease 
is small- Furthermore, as a result of the evaluation of the 
etching shapes, it was found that the tapering of the pattern 
that is considered due to the electrification was not at all 
observed. Still furthermore, when the bombardment damage was 
evaluated, in the experimental apparatus, owing to a larger 
exposed metal portion, a decrease in metal contamination could 
not be accomplished. However, as to electrical damages, such 
as insulation breakdown, change of transistor threshold value 
and so on, similarly to down-flow etching apparatus as a 
reference (etching is carried out by use of neutral species 
alone), there was not observed any damage. Next, another 
embodiment of the present invention will be explained. 
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[0031] 

Reference numeral 13 in Fig. 1 denotes a gas feed port for 
introducing other gas 9 without allowing passing through the 
nozzle- By introducing other gas 9 from the gas feed port 13, 
for instance, the neutral etching species or etching products 
in a gas phase can be scavenged (removed), isotropic etching 
is prevented from occurring, and the etching products can be 
prevented from reattaching. More specifically, when the 
etching is performed with a chlorine gas as the reaction gas, 
by introducing hydrogen or a gas containing hydrogen from the 
gas feed port 13, the chlorine atoms that are not yet clustered 
or generated by decomposition after the cluster beam collides 
against the substrate can be prevented from performing the 
isotropic etching. By disposing means for activating the gas 
before the gas feed port 13, the aforementioned action can be 

further expedited. 

[0032] 

In view of an easiness in temperature control, the substrate 
3 is preferably fixed onto the susceptor 2 by use of an 
electrostatic chuck. However, when a direct current is 
applied to the substrate 3, it is necessary to use a mechanical 
chuck. Fig. 3 is a diagram showing etching apparatus of the 
present invention according to still another embodiment. 
[0033 ] 

In the etching apparatus shown in Fig. 3, the reservoir 4, 
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which is structured longer in a direction vertical to a paper 
surface than a wafer diameter, generates a band of cluster beam. 
The generated cluster enters an electron cloud 14 and is 
ionized there. Electrons in the electron cloud 14 are 
extracted from the plasma 20 by the electron source 6. In this 
case, energy of the electron is set at approximately 100 eV 
that is high in ionizing efficiency. 
[0034 ] 

The ionized clusters pass through the meshed extracting 
electrode 7 and enter between deflection electrodes 15. The 
band of the cluster beam is scanned from side to side on the 
paper surface by an alternating electric field E established 
by the deflection electrodes 15. Reference numeral 23 
schematically shows a trajectory of a cluster beam. In 
addition, the deflection electrodes 15 can be endowed with a 
mass filter action by giving an alternating magnetic field 22 
perpendicular to the electric field 16. That is, the mass of 
the cluster that is bombarded onto the wafer 3 can be 
appropriately selected, and the etching species can be 
controlled in such that the clusters that are small in the 
number of the particles may be removed, and so on. 
[0035] 

The deflected beam is accelerated in a direction vertical 
to the wafer 3 surface by accelerating electrodes 17 and 18 
and bombarded against the wafer 3. The accelerating electrode 
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17 is set at the same potential as the extracting electrode 
7 and furthermore so as to give an acceleration of 
substantially 100 V with respect to the reservoir 4 and the 
electrode 14 of the electron source. Furthermore, when an 
alternating potential that vibrates with a potential of the 
extracting electrode 7 at its center is given, since an 
interaction between the electrodes can be made less, the beam 
can be suppressed from getting out of order. A voltage lower 
by from several hundreds to several thousands volts with 
respect to the accelerating electrode 17 is applied to the 
accelerating electrode 18, thereby a cluster beam small in 
dispersion of angle and excellent in directionality can be 
supplied onto the wafer 3 . 
[0036] 

Thus, according to the etching method of the present 
invention, owing to high acceleration of the cluster beam and 
a smaller electric charge an atom of the cluster, the wafer 
3 is less charged and the beam is not likely to be affected. 
Furthermore, as an anti-static measure, electrons can be 
supplied from a low-speed electron source 19 to the wafer 3. 
Still furthermore, when a conductive film is etched, by 
applying a direct current voltage to the wafer 3, the shape 
and etching characteristics can be controlled. 
[0037] 

In the above, embodiments of the present invention are shown. 
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However, the present invention, without restricting to the 
aforementioned embodiments, can be variously modified. For 
instance, although in the above embodiments, the cluster ion 
beam is bombarded onto an entire substrate surface thereon a 
mask is formed, without using a mask, a selective bombardment 
can be performed. In addition, in the apparatus according to 
the above embodiments, the reservoir, nozzle, extracting 
electrode and wafer are arranged from top down on a straight 
line. However, in consideration of the contamination from the 
nozzle and electrodes, a portion above from the extracting 
electrode can be disposed on a sidewall surface of the vacuum 
chamber. Furthermore, materials of individual portions have 
to be selected in consideration also of the etchant so as to 
be free from contamination due to metals and organic 
substances. Still furthermore, in the neighborhood of the 
nozzle, since the gas is allowed expanding adiabatically , 
cooling down, and clustering, a temperature of a nozzle plate 
gradually goes down. This may cause change in characteristics 
with time. Accordingly, it is better to provide the nozzle 
plate with a temperature control unit that controls the 
temperatures by means of a heater and so on. Furthermore, an 
entire reaction chamber may be preferably temperature- 
controlled . 
[0038] 

Still furthermore, a plurality of nozzles may be prepared 
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for each of a plurality of gases, thereby each gas may be 
independently introduced into the reaction chamber and formed 
into the clusters. The plurality of different gases may be 
ejected in pulse from the respective nozzles, and mechanism 
by which the period thereof may be synchronously or 
asynchronously controlled may be provided. In addition, by 
providing the nozzle with a piezo-valve made of a 
piezoelectric element, mechanism that speedily repeats 
opening and shutting can be provided. Furthermore, means for 
bombarding a low-speed electron beam onto the substrate to be 
etched may be provided, and means for forming the plasma in 
the neighborhood of the substrate to be etched may be provided. 
[0039] 

[Advantage of the Invention] 

As explained above, according to the method of the present 
invention, the cluster ion beam whose electric charge an atom 
is small and that is highly accelerated is bombarded, and 
thereby the etching is performed- Accordingly, a fine pattern 
may be etched, without accompanying the micro loading effect, 
with the excellent shape. Furthermore, without causing the 
bombardment damage due to the high-energy beam and generating 
irregularity in the pattern shape due to the static-buildup, 
the processing can be performed. Still furthermore, since the 
processing in a low vacuum is made possible, an under cut due 
to the neutral active atoms is not caused. 
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[Brief Explanation of the Drawings] 
[Fig. 1] 

Fig. 1 is a diagram schematically showing etching apparatus 
used in one embodiment of the present invention. 
[Fig. 2] 

Fig. 2 is a characteristic diagram showing relationship 
between etching groove width and etching depth in an etching 
method according to one embodiment of the present invention 
in comparison with that of RIE . 
[Fig. 3] 

Fig. 3 is a diagram schematically showing etching apparatus 
used in another embodiment of the present invention. 
[Fig. 4] 

Fig. 4 is a diagram schematically showing existing etching 
apparatus . 
[Fig. 5] 

Fig. 5 is a diagram for explaining problems in the existing 
etching apparatus . 
[Fig. 6] 

Fig. 6 is a diagram for explaining problems in the existing 
etching apparatus . 
[Fig. 7] 

Fig. 7 is a diagram for explaining problems in the existing 
etching apparatus . 

[Description of the Reference Numerals and Signs] 
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1 vacuum chamber 

2 susceptor 

3 wafer 

4 gas reservoir 

5 nozzle plate 

6 hot-filament electron gun 

7 electrode 

8 and 9 gas feed unit. 
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[Fig. 2] 



[Fig. 1] 
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